The 2019 novel coronavirus , with a starting point in China, has spread rapidly among people living in other countries, and is approaching approximately 305,275 cases worldwide according to the statistics of European Centre for Disease Prevention and Control.
Introduction
The 2019 novel coronavirus (COVID-19) pandemic appeared in Wuhan, China in December 2019 and has become a serious public health problem worldwide [1, 2] . The virus that caused COVID-19 pandemic disease was called as severe acute respiratory syndrome coronavirus 2, also named SARS-CoV-2 [3] . Coronaviruses (CoV) are a large family of viruses that cause diseases resulting from colds such as the Middle East Respiratory Syndrome (MERS-CoV) and
Severe Acute Respiratory Syndrome (SARS-CoV). Coronavirus disease (COVID-19) is a new species that was discovered in 2019 and has not been previously identified in humans.
Coronaviruses are zoonotic due to contamination from animals to humans [4] . There are studies that the SARS-CoV virus is contaminated from musk cats to humans, and the MERS-CoV virus is contaminated from dromedary to humans [4, 5] . COVID-19 virus is presumed to be contaminated from bats to humans [5] . Respiratory transmission of the disease from person to person caused rapid spread of the epidemic.
While COVID-19 causes milder symptoms in about 82 percent of cases, the others are severe or critical [6] . Coronavirus cases total number is approximately 335,403 and 14,611 of them died and 97,636 were recovered. Currently infected patients' number is 223,156. While 95% of the number of infected patients survive the disease slightly, 5% the rest has a serious or critical condition [7] .
Signs of infection include respiratory symptoms, fever, cough and dyspnea. In more serious cases, the infection can cause pneumonia, severe acute respiratory syndrome, septic shock, multi-organ failure, and death [4], [8] . It has been determined that men are more infected than women and that there is no death in children between the ages of 0-9 [6]. Respiratory rates of cases with COVID-19 pneumonia have been shown to be faster compared to healthy people [9] .
Even in many developed countries, the health system has come to the point of collapse due to the increasing demand for intensive care units simultaneously. Intensive care units are filled with patients who get worse with COVID-19 pneumonia. The distribution of COVID-19 cases seen worldwide between the days of February 16th and March 21st, 2020 [10] is shown in According to the latest guidelines published by the Chinese government, the diagnosis of COVID-19 should be confirmed by gene sequencing for respiratory or blood samples as a key indicator for reverse transcription polymerase chain reaction (RT-PCR) or hospitalization. In the current public health emergency, the low sensitivity of RT-PCR means that many COVID-19 patients will not be identified quickly and may not receive appropriate treatment. In addition, given the highly infectious nature of the virus, they run the risk of infecting a larger population [11] .
Instead of the patients waiting to get positive virus tests, diagnoses now include everyone who reveals the prominent pneumonia pattern of chest scan COVID-19. Through this method, authorities will be able to isolate and treat patients more quickly. Even if death does not occur in COVID-19, some patients survive with permanent lung damage. According to the World Health Organization, COVID-19 also opens holes in the lungs like SARS, giving them a "honeycomb-like appearance" [6], [12] .
Computed Tomography (CT) scan of the chest is one of the methods used to diagnose pneumonia. Artificial Intelligence (AI) based automated CT image analysis tools for the detection, quantification and monitoring of coronavirus and to distinguish patients with coronavirus from disease-free have been developed [13] . In a study by Fei et al., they developed a deep learning-based system for automatic segmentation of all lung and infection sites using chest CT [14] . Xiaowei et al. aimed to establish an early screening model to distinguish COVID-19 pneumonia and Influenza-A viral pneumonia from healthy cases using pulmonary CT images and deep learning techniques [15] . In Shuai et al. study, based on the COVID-19 radiographic changes from CT images, they have developed a deep learning method that can extract the graphical features of COVID-19 to provide clinical diagnosis prior to pathogenic testing and thus save critical time for the disease diagnosis [16] .
MERS-CoV and SARS-CoV are expressed as cousins of COVID-19. There are scientific publications using chest X-ray images in the diagnosis of MERS-CoV and SARS-CoV. In the study of Ahmet Hamimi about MERS CoV showed that there are features in the chest X-ray and CT that are like the manifestations of pneumonia [17] . In the study by Xuanyang et al., data mining techniques were used to distinguish SARS and typical pneumonia based on X-ray images [18] .
X-ray machines are used to scan the affected body such as fractures, bone dislocations, lung infections, pneumonia and tumors. CT scanning is a kind of advanced X-ray machine that examines the very soft structure of the active body part and clearer images of the inner soft tissues and organs [19] . Using X-ray is a faster, easier, cheaper and less harmful method than CT. Failure to promptly recognize and treat COVID-19 pneumonia may lead to increase in mortality.
In this study, we have proposed an automatic prediction of COVID-19 using a deep convolution neural network based pre-trained transfer models and Chest X-ray images. For this purpose, we have used ResNet50, InceptionV3 and Inception-ResNetV2 pre-trained models to obtain a higher prediction accuracy for small X-ray dataset. The novelty of this paper is summarized as follows: i) The proposed models have end-to-end structure without manual feature extraction and selection methods. ii) We show that ResNet50 is an effective pre-trained model among other two pre-trained models. iii) Chest X-ray images are the best tool for the detection of COVID-19. iv) The pre-trained models have been shown to yield very high results in the small dataset (50 COVID-19 vs. 50 Normal).
The manuscript is organized as follows: Dataset is expressed in detail in Section 2.1. Deep transfer learning models and experimental setup parameters are described in Section 2.2 and 2.3, respectively. Performance metrics are given in detail in Section 2.4. Discussion and obtained results from proposed models are presented in Section 3. Finally, in Section 4, the conclusion and the future works are summarized.
Materials and Methods

Dataset
In this study, chest X-ray images of 50 COVID-19 patients have been obtained from the open source GitHub repository shared by Dr. Joseph Cohen [20] . This repository is consisting chest X-ray / CT images of mainly patients with acute respiratory distress syndrome (ARDS), COVID-19, Middle East respiratory syndrome (MERS), pneumonia, severe acute respiratory syndrome (SARS). In addition, 50 normal chest X-ray images were selected from Kaggle repository called "Chest X-Ray Images (Pneumonia)" [21] .
Our experiments have been based on a created dataset with chest X-ray images of 50 normal [21] and 50 COVID-19 patients [20] (100 images in total). All images in this dataset were resized to 224x224 pixel size. In Figure 2 and Figure 3 , representative chest X-ray images of normal and COVID-19 patients are given, respectively. 
Deep Transfer Learning
Deep learning is a sub-branch of the machine learning field, inspired by the structure of the brain. Deep learning techniques used in recent years continue to show an impressive performance in the field of medical image processing, as in many fields. By applying deep learning techniques to medical data, it is tried to draw meaningful results from medical data.
Deep learning models have been used successfully in many areas such as classification, segmentation and lesion detection of medical data. Analysis of image and signal data obtained with medical imaging techniques such as Magnetic Resonance Imaging (MRI), Computed Tomography (CT) and X-ray with the help of deep learning models. As a result of these analyzes, detection and diagnosis of diseases such as diabetes mellitus, brain tumor, skin cancer and breast cancer are provided with convenience [22] [23] [24] [25] [26] [27] .
In the analysis of medical data, one of the biggest difficulties faced by researchers is the limited number of available datasets. Deep learning models often need a lot of data. Labeling this data by experts is both costly and time consuming. The biggest advantage of using transfer learning method is that it allows the training of data with fewer datasets and requires less calculation costs. With the transfer learning method, which is widely used in the field of deep learning, the information gained by the pre-trained model on a large dataset is transferred to the model to be trained.
In this study, we built deep convolutional neural network (CNN) based ResNet50, InceptionV3
and Inception-ResNetV2 models for the classification of COVID-19 Chest X-ray images to normal and COVID-19 classes. In addition, we applied transfer learning technique that was realized by using ImageNet data to overcome the insufficient data and training time. The schematic representation of conventional CNN including pre-trained ResNet50, InceptionV3
and Inception ResNetV2 models for the prediction of COVID-19 patients and normal were depicted in Figure 4 . Residual neural network (ResNet) model is an improved version of convolutional neural network (CNN). ResNet adds shortcuts between layers to solve a problem. Thanks to this, it prevents the distortion that occurs as the network gets deeper and more complex. In addition, bottleneck blocks are used to make training faster in the ResNet model [28] . ResNet50 is a 50layer network trained on the ImageNet dataset. ImageNet is an image database with more than 14 million images belonging to more than 20 thousand categories created for image recognition competitions [29] . InceptionV3 is a kind of convolutional neural network model. It consists of numerous convolution and maximum pooling steps. In the last stage, it contains a fully connected neural network [30] . As with the ResNet50 model, the network is trained with ImageNet dataset. The model consists of a deep convolutional network using the Inception ResNetV2 architecture that was trained on the ImageNet-2012 dataset. The input to the model is a 299×299 image, and the output is a list of estimated class probabilities [31] .
Experimental Setup
Python programming language was used to train the proposed deep transfer learning models.
All experiments were performed on a Google Colaboratory Linux server with Ubuntu 16.04 operating system using Tesla K80 GPU graphics card. CNN models (ResNet50, InceptionV3
and Inception-ResNetV2) were pre-trained with random initialization weights using the Adam optimizer. The batch size, learning rate and number of epochs were experimentally set to 2, 1e-5 and 30, respectively for all experiments. The dataset used was randomly split into two independent datasets with 80% and 20% for training and testing respectively. As cross validation method, k-fold was chosen and results were obtained according to 5 different k values (k=1-5) as shown in Figure 5 . 
Results and Discussion
In this study, chest X-ray images have been used for the prediction of coronavirus disease patients (COVID-19). Popular pre-trained models such as ResNet50, InceptionV3 and Inception ResNetV2 have been trained and tested on chest X-ray images. Training accuracy and loss values for fold-3 of the pre-trained models are given in Figure 6 In another detailed performance, comparisons of three models using the test data are shown in In addition to these studies in the literature, the main advantages of our study can be summarized as follows:
(I) Chest X-ray images have been used in the study. X-ray images can be obtained from any hospital very easily, quickly and without difficulty.
(II) Our method is a completely end-to-end system. So, it does not have any feature extraction or selection.
(III) Three different pre-trained common models are compared such as ResNet50, InceptionV3
and Inception-ResNetV2.
(IV) Although it is a very new subject and the number of data is limited, the results are quite high.
The main problem of our study is the limited number of COVID-19 X-ray images used for the training of deep learning models. In order to overwhelm this problem, we have used deep transfer learning models. If we reach more data in the coming days, we are planning to improve working with different models.
Conclusion
Early prediction of COVID-19 patients is vital to prevent the spread of the disease to other people. In this study, we proposed a deep transfer learning based approach using chest X-ray images obtained from COVID-19 patients and normal to predict COVID-19 patients automatically. Performance results show that the ResNet50 pre-trained model yielded the highest accuracy of 98% among the three models. In the light of our findings, it is believed that it will help doctors to make decisions in clinical practice due to the high performance. In order to detect COVID-19 at an early stage, this study gives insight on how deep transfer learning methods can be used. In subsequent studies, the classification performance of different CNN models can be tested by increasing the number of images in the dataset.
